EBUS-FNA under real-time ultrasound guidance can be undertaken at the same time as bronchoscopy and/or EUS-FNA under conscious sedation. EBUS-FNA has the potential for accurate sampling of lymph nodes and masses in the middle mediastinum and, when combined with EUS-FNA, offers the possibility of minimally invasive staging of the majority of the mediastinum. Larger studies of this new technique to define further its role in the staging of NSCLC are warranted.
Study objectives: Parapneumonic effusions are common, and measurement of pleural pH is one of the most useful measurements in assessing the need for tube drainage. Use of pleural pH assumes that a single measurement conveys a representative picture of pH throughout the effusion. Often effusions are multiloculated, and varying concentrations of nondiffusible acids such as lactic acid, if present in different concentrations, could mean clinically significant variations in pH between locules. If these differences were large, a single pH measurement could misrepresent the "stage" that the parapneumonic effusion had reached. We therefore set out to test the hypothesis that pH varies significantly between locules in complicated parapneumonic effusions. Design: The study was performed in seven consecutive patients presenting to our institution with complicated parapneumonic effusions. Interventions: In each case, pleural pH was measured in several separate pleural fluid locules, using ultrasound-guided pleural fluid sampling. Results: Significant variations were found in pleural fluid visual appearance, pH, and lactate dehydrogenase between locules in four of seven patients. Three of seven patients had variations, resulting in pH levels both above and below 7.2, which is the threshold used in our institution to indicate the need for tube drainage. Conclusions: This is the first reported series of variation in pleural pH between different locules in complicated parapneumonic effusions. These variations are clinically important and cast light on the mechanisms responsible for the acidosis seen in infected effusions. Physicians should be aware of this when making drainage decisions in these patients using the clinical picture and a single pH result alone.
(CHEST 2004; 126:2022-2024)
Key words: empyema; parapneumonic effusions; pH; pleural effusion Abbreviation: LDH ϭ lactate dehydrogenase P arapneumonic effusions are common and occur in approximately one third of patients hospitalized with bacterial pneumonia. 1 The clinical usefulness of pleural pH in assessing if these effusions require drainage is well established. [1] [2] [3] [4] The American College of Chest Physicians 3 and British Thoracic Society 4 guidelines suggest chest tube drainage for parapneumonic effusions that are culture negative but have a pleural pH Ͻ 7.2 may be appropriate. 3, 4 This guidance is based on a large meta-analysis 5 showing pleural pH to have the most discriminative biochemical properties of poor outcome in pleural infection when compared to glucose or lactate dehydrogenase (LDH).
Pleural effusion character is poorly assessed by chest radiography. 6 Ultrasound examination often detects septations in pleural effusions that appear as apparently simple effusions on the chest radiograph. 6 However, even ultrasound can miss loculations, which are only visualized at time of surgery.
The pleural fluid becomes septated in the fibropurulent phase of parapneumonic effusions, as the intrinsic fibrinolytic activity of the pleural space is suppressed. 7 White cell and bacterial metabolism within these locules then lowers pH through the production of nondiffusible acids such as lactic acid (which is expected to remain in the locules) and diffusible carbon dioxide (which is expected to diffuse away). The clinical use of pH implicitly assumes that a single measurement conveys a general picture of pH throughout the effusion. The contributions of nondiffusible acids such as lactic acid, if present in different concentrations within a septated multiloculated effusion, could mean a disparity in the pH of different locules. If these differences were large, a single pH measurement could misclassify a patient, and potentially lead to inappropriate management. To assess whether this hypothesis is true, we measured pH in several separate pleural fluid locules, in patients with septated multiloculated effusions, using ultrasound-guided pleural fluid sampling.
Materials and Methods
We prospectively measured pleural fluid characteristics from seven consecutive patients with complicated parapneumonic effusions presenting to our respiratory unit (Oxford Centre for Respiratory Medicine, Oxford) over an 8-month period (December 2001 to August 2002). Patients are referred to the Oxford unit directly from general practitioners (60%), from other local hospital consultants (30%), and occasionally from respiratory consultants in other neighboring health authorities (Ͻ 10%).
Patients were included if they presented with a parapneumonic effusion and if ultrasound examination showed it to be a multiseptated loculated effusion. Pleural fluid was obtained from up to three different locules by using ultrasound-guided needle placement. The skin was cleaned and then infiltrated with 10 mL of 2% lignocaine, and a 19-gauge spinal needle inserted into the effusion. After a 5-to 10-mL sample was aspirated, the needle was then advanced into an adjoining locule, and 5 mL of fluid from this locule was aspirated and discarded. A fresh 10-mL syringe was then used to sample fluid for measurement. After this was performed, the procedure was then repeated for the third sample. The specimens were collected within minutes of each other. Pleural fluid pH was immediately evaluated using a blood gas analyzer (IL-1620; Instrumentation Laboratory; Warrington, UK). This machine is extremely accurate, with good reproducibility, and quantitative intertest reproducibility of the pH analyzer for pleural fluid had been previously shown to be Ͻ 5% when measuring acidic fluid in our institute. The pleural fluid pH was analyzed in all cases other than thick purulent pus, when it was not performed to avoid damage to the blood gas machine. The LDH was measured using an Airoset machine (Abbott Laboratories; Abbott Park, IL), and the normal laboratory normal range was 110 to 250 U/L.
Results
The seven patients studied had a median age of 67 years (range, 32 to 83 years). Four patients were men, and three patients were women, and they all presented with community-acquired complicated parapneumonic effusions. Five patients had received antibiotics prior to hospital admission. None had a medical history of pleural disease or cancer. Blood culture specimens were obtained in all cases, and all results were negative. Pleural fluid cytology was negative for malignancy in all cases.
The pleural fluid characteristics are given in Table 1 . In three of these seven consecutive patients, substantial variations in pH between different locules were found (patients 1, 2, and 4). These variations resulted in pH levels both above and below 7.2. The hydrogen ion concentration variations inferred by these differences are substantial since pH is a logarithmic scale. In patient 1, this difference is nearly tenfold. In addition, two patients had marked visual differences in their pleural fluid samples ranging from pus to clear fluid.
Conclusions
We believe this is the first reported series of variation in pleural pH between different locules in complicated parapneumonic effusions. These variations are large, clinically important, and cast light on the mechanisms predominantly responsible for the acidosis seen in infected effusions.
In three of our patients, if only the first pleural fluid sample had been obtained showing the recorded pleural pH of Ͼ 7.2, it would have implied that they probably did not require chest tube drainage, despite the very acidic nature of the third sample. We accept that many institutions would decide to place chest tubes in all parapneumonic effusions that are heavily loculated regardless of the pH value. However, many physicians rely on the clinical setting, a plain chest radiograph, and a diagnostic pleural tap. In this setting, we feel that the chest radiograph could fail to show the presence of loculated fluid and the physician be misled by a single high pH reading. The disparity in the pH and LDH from different locules emphasizes that much of the pleural acidosis of infections is attributable to soluble acids, such as lactic acid. Our findings are consistent with the case report from Light and colleagues, 8 who found wide variation in pH values in two different locules in one patient. However, unlike these researchers, 8 we did not formally measure carbon dioxide in our samples, as we unable to confirm the intertest reproducibility of the pH analyzer in measuring carbon dioxide in pleural fluid samples.
Interestingly, we found low glucose levels in some of the samples that had pH levels above and below the 7.2 threshold. This is surprising, as it is generally thought that pleural fluid pH falls before the pleural fluid glucose. However, the meta-analysis by Heffner et al 5 showed pH to be the most accurate measurement of need for formal chest tube drainage. It should also be emphasized pH measurement must be taken using the accuracy of a blood gas machine and not with indicator strips or pH meters.
The major factors reducing pleural pH are leukocytes and bacteria. 8 -11 These both utilize glucose to produce carbon dioxide and lactic acid that accumulates in the pleural space, reducing its pH. Since carbon dioxide is freely diffusible and will distribute throughout the pleural space, and then diffuse away, this cannot explain the pH disparity between locules, implying the differences in lactic acid and other soluble acid concentrations are the likely explanations for these observational changes.
From our small study, we can conclude that pleural pH may vary to a significant extent between different locules in multiseptated loculated infected pleural effusions. It also suggests that it is the different concentrations in lactic acid and the other soluble acid concentrations that results in these variations. Physicians should be aware of this when making chest tube drainage decisions in patients with parapneumonic effusions. If a surprisingly high pleural pH is found in a patient with a high clinical probability of pleural infection, further tests should be considered. These might include an ultrasound for the presence of loculation and consideration of a repeat pleural sample from a different area.
